Antibiotic-Resistant Gram Negative Bacilli in Meals Delivered at a General Hospital, Italy by Plano, Maria Rosa Anna et al.
Hindawi Publishing Corporation
Interdisciplinary Perspectives on Infectious Diseases
Volume 2009, Article ID 476150, 7 pages
doi:10.1155/2009/476150
Research Article
Antibiotic-ResistantGramNegative BacilliinMeals Delivered
at a GeneralHospital, Italy
MariaRosa AnnaPlano,1 AnnaMariaDi Noto,2 AlbertoFirenze,1
Sonia Sciortino,2 andCaterinaMammina1
1Department of Sciences for Health Promotion “G. D’Alessandro,” University of Palermo, 90127 Palermo, Italy
2Istituto Zooproﬁlattico Sperimentale della Sicilia “A. Mirri,” Palermo, Italy
Correspondence should be addressed to Caterina Mammina, diptigmi@unipa.it
Received 9 March 2009; Revised 6 May 2009; Accepted 26 June 2009
Recommended by Melinda Pettigrew
This study aimed at detecting the presence of antibiotic-resistant Gram-negatives in samples of meals delivered at the University
General Hospital of Palermo, Italy. Antibiotic resistant Gram negatives were isolated in July—September 2007 ﬀrom cold dishes
andfoodcontactsurfacesandutensils.Bacterialstrainsweresubmittedtosusceptibilitytestandsubtypedbyrandomampliﬁcation
of polymorphic DNA (RAPD). Forty-six of 55 (83.6%) food samples and 14 of 17 (82.3%) environmental swabs were culture
p o s i t i v ef o rG r a mn e g a t i v eb a c i l l ir e s i s t a n tt oa tl e a s to n eg r o u po fa ntibacterial drugs. A total of 134 antibiotic resistant strains,
51 fermenters and 83 non-fermenters, were recovered. Fermenters and non-fermenters showed frequencies as high as 97.8% of
resistance to two or more groups of antibiotics and non fermenters were 28.9% resistant to more than three groups. Molecular
typing detected 34 diﬀerent proﬁles among the fermenters and 68 among the non-fermenters. Antibiotic resistance was very
common among both fermenters and non-fermenters. However, the wide heterogeneity of RAPD patterns seems to support a
prominent role of cross-contamination rather than a clonal expansion of a few resistant isolates. A contribution of commensal
Gram negatives colonizing foods to a common bacterial resistance pool should not been overlooked.
Copyright © 2009 Maria Rosa Anna Plano et al.ThisisanopenaccessarticledistributedundertheCreativeCommonsAttribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
1.Introduction
Resistance to various antibacterial drugs is rapidly emerging
and posing a major challenge to Public Health. A compre-
hensive understanding of the most important dissemination
routes of antimicrobial resistant bacterial (ARB) strains and
resistance encoding genetic sequences is crucial to eﬀectively
control and minimize the problem [1].
Food appears to be an eﬀective source for the acquisition
by humans of drug resistant bacteria and drug resistance
genes, but the extension and the actual consequences of this
exposure are still insuﬃciently investigated [2–5]. Moreover,
while occurrence and evolution of a foodborne resistant
pathogen’s incursion into various community and health-
care associated settings has been frequently experienced and
thoroughly studied, horizontal gene transfer events taking
place between commensals and pathogens and between
food-derived commensals and human commensals are to
date poorly known [4–11].
Such transfers will likely be most successful when the
host is simultaneously submitted to a selective pressure by
an antimicrobial substance to which the involved organisms
are resistant [1]. From this point of view, health-care
associated settings are the environments where ARB and
their resistance determinants are most likely to be present, a
genetic horizontal transmission has more chances to occur,
and the consequences in terms of therapeutic failures and
c o s t sm i g h tb em o r es e v e r e[ 1, 12, 13].
Hospital food service systems are considered one of the
mostcriticalsegmentofhospitalityindustry,wheretheclient
base is often a vulnerable group, and a strict and systematic
monitoring of foodborne hazards has to be consistently
applied [14].
This study aimed at detecting the presence of multidrug
resistant Gram-negatives (MDR-GN) in food samples deliv-
ered through a plated service at the University general hospi-
tal “Azienda Ospedaliero-Universitaria Policlinico” (AOUP),
Palermo, Italy. Food contact surfaces of equipment and2 Interdisciplinary Perspectives on Infectious Diseases
utensils at the Hospital caterer food premise, where food
was prepared, portioned and placed into the personalized
trays were also sampled during an inspective visit. Patterns
of antibacterial drug susceptibility and genetic heterogeneity
of the MDR-GN were assessed.
2.MaterialsandMethods
2.1. Setting. This investigation was conducted at the Uni-
versity general hospital “Azienda Ospedaliero-Universitaria
Policlinico” (AOUP), Palermo, Italy, in the period July–
September 2007. At this hospital, the food service was
contracted out to an external caterer who was employing
a traditional cook and serve production scheme and a
plated meal distribution system. In particular, food was
being ordered according to the patient’s choice up to
24 hours in advance. At the caterer plant, meals were
prepared, assembled, and then plated using a conveyor
belt with food handlers standing either side and serving
appropriateportionsintoplates.Hotdisheswerethenplaced
into trays that were being in turn stacked into preheated
cabinets, with cold dishes being placed into separate com-
partments, before transport and delivery to the hospital
wards.
2.2. Food Samples. For the purpose of the study, cold dishes
only that had not been submitted to thermal treatment
were selected. Samples of 50g approximately were daily
collected at receipt in the hospital wards from lunch
meals, by taking them from a preordered tray similar to
that of a patient. Samples were immediately placed in a
refrigerated container and kept at 4◦C until transferred
to the laboratory for testing (approximately 15minutes).
When delivered to the laboratory, 10g of each food sample
were aseptically weighted into a sterile Stomacher bag, and
90mL of peptone water were then added. Samples were
homogenised for 60seconds and incubated for 24 hours at
37
◦C.
2.3. Food Contact Surfaces and Utensils. The inspection and
the environmental sampling were carried out on September
2007. For food contact surfaces and utensils of the caterer
premise,aswabsamplingtechniquewasused.Thetipofeach
sterile cotton swab was moistened with sterile saline, pH7.0,
and then rolled repeatedly over each 10cmq surface area.
After the sampling, the swabs were placed aseptically into
10mL of peptone water and transferred to the laboratory
at chilled temperature. After the swabs were delivered to the
laboratory, each tube containing the swab was vortexed 10
seconds to assure mixture of the sample and then incubated
for 24 hours at 37
◦C.
2.4. Detection Method of Antibiotic-Resistant Gram Negatives.
One MacConkey agar plate was inoculated with 0.2mL of
the 24-hour enrichment culture to obtain a continuous
lawn after overnight incubation in ambient air at 37
◦C.
Four antibiotic disks, containing amoxicillin-clavulanic acid
(20/10μg), ceftazidime (30μg), gentamicin (10μg), and
nalidixic acid (30μg), were placed on each plate before
incubation, as previously described [15].
After incubation, plates were examined, and all colonies
of diﬀerent morphology growing into each antibiotic inhi-
bition halo were Gram stained and subcultured for purity.
All isolates were submitted to a biochemical screening
by testing for oxidase and catalase activity and glucose
fermentation and classiﬁed as Gram negative fermenters
or non-fermenters. A complete biochemical identiﬁcation
by the system API 20E or API 20NE (bioM´ erieux, Marcy-
l’Etoile, France) was deserved to some clustered isolates and
to two extended-spectrum β-lactamase-(ESBL-) producing
Gram negative fermenters. Biochemical characterization to
the species level of the remaining isolates was thought to
be unable to provide useful additional information, because
of the largely unreliable results that are generally obtained
from food isolates by the commercial phenotypic systems,
including the API system, according to recent ﬁndings
[16].
2.5. Antibiotic Susceptibility Testing. Susceptibility of each
isolate to a panel of nine antimicrobial substances was
assessed by disk diﬀusion on Mueller-Hinton agar plates,
according to the Clinical and Laboratory Standards Institute
(CLSI) guidelines [17]. The following antimicrobials were
tested: amoxicillin-clavulanic acid, Amc (20/10μg), cefo-
taxime, Ctx (30μg), ceftazidime, Caz (30μg), ceftriaxone,
Cro (30μg), gentamicin, Cn (10μg), netilmycin, Net (30μg),
nalidixic acid, Na (30μg), ciproﬂoxacin, Cip (5μg), and
tetracycline, Te (30μg).
ESBLproductionwasdetectedbydecreasedsusceptibility
or resistance to third-generation cephalosporins and the
synergy between disks containing cefotaxime, ceftazidime,
cefepime, and aztreonam and a disk containing amoxicillin-
clavulanic acid [18].
For the purpose of the study, a Gram negative organism
resistant to at least two diﬀerent groups of antimicrobial
agents (amoxicillin-clavulanic acid, cephalosporins, amino-
glycosides, quinolones, tetracycline) was deﬁned as MDR-
GN.
2.6. Genotypic Analysis by Random Ampliﬁcation of Polymor-
phic DNA (RAPD). Single colonies growing on solid media
were removed with a sterile plastic tip and resuspended
in 100μL of sterile deionized water in a microcentrifuge
tube. DNA extracts were prepared by boiling the suspen-
sions for 10minutes. After a quick spin to pellet the cell
debris, the supernatants were used as DNA templates for
subsequent ampliﬁcations or stored at −20
◦C until PCR was
applied.
RAPD was performed as previously described [19, 20].
The PCR mixture contained 200μM each dNTP, 150ng
primer, buﬀer (10mM Tris-HCl, pH 8.8; 1.5mM MgCl2;
50mM KCl; 0.1% Triton X-100), 2 U Taq DNA polymerase
(Promega, Madison, WI, US), and 1μL whole-cell DNA
in a total volume of 50μL. The ampliﬁcation protocol
consisted of the following steps: initial denaturation at
94
◦C for 5minutes, followed by 40 cycles of denatura-
tion (1minute at 94
◦C), annealing (1minute at 36
◦C) andInterdisciplinary Perspectives on Infectious Diseases 3
extension (72
◦C for 2minutes), and a ﬁnal extension step
(72
◦C for 10minutes).
The primers used in this study were ERIC2 (5 -
ATGTAAGCTCCTGGGGATTCAC-3 )a n dM 1 3( 5  -
GAGGGTGGCGGTTCT-3 ). Primer ERIC2 was primarily
used, whereas M13 was used for conﬁrmation of clustering .
Ampliﬁed PCR products were separated using 2%
agarose gels, visualized by UV transillumination and pho-
tographed. A 1Kbp or a 100bp DNA ladder (Promega)
was used as molecular weight. DNA ﬁngerprints were
compared by visual inspection and considered unique when
they diﬀered by at least one band, irrespectively of band
intensity.
2.7. Statistical Analysis. Data were analyzed by the EpiInfo
software (version 6.0, CDC, Atlanta, GA, US). Frequency
analysis was performed with the chi-square test. Cross tab-
ulation and chi-square or Fisher exact tests were performed
to determine the relationship between resistance and some
characteristics of isolates and food products processed for
isolation of resistant Gram negatives. For some statistical
analysis, susceptibility to antibiotics was categorized as
a dichotomous variable by interpreting intermediate sus-
ceptibility as resistance. In all analyses, diﬀerences were
considered statistically signiﬁcant at P ≤ .05.
3. Results
3.1. Detection of ARB Food and Environmental Isolates.
During the period July–September 2007, 55 food samples
and 17 swabs from food contact surfaces and utensils were
examined. Forty-six of 55 (83.6%) food samples and 14 of 17
(82.3%) environmental swabs proved to be culture positive
for Gram negative bacilli resistant to at least one group of
antibacterial drugs.
A total of 115 diﬀerent isolates of Gram negative bacilli
resistant to at least one antimicrobial group were identiﬁed
from the following food products: 22 from 18 samples of soft
cheese, three from three samples of sliced ham, 20 from 12
samples of mixed ham and cheese dishes, and 70 from 24
samples of vegetables.
The 19 resistant environmental isolates were, respec-
tively, six from countertops, a centrifuge, a sink, and a
conveyor belt in the washing area of fresh vegetables, nine
from cutting boards, trays, and knives in the vegetables
processing area, and four from a slicing machine and food
contact surfaces in the cured meat working area.
3.2. Characterization of ARB Isolates. The 134Gram negative
isolates were biochemically categorized as 51fermenters and
83non-fermenters. Prevalence of resistant Gram negative
fermenters versus non-fermenters did not signiﬁcantly dif-
fered in the four groups of food products examined (P =
.74).
Prevalence of the resistant, intermediate, or susceptible
phenotype towards the antibacterial drugs tested among all
isolates is illustrated in Figure 1. Resistances to nalidixic
acid (83.6%) and amoxicillin-clavulanate (74.6%) were very
frequent, followed by resistances to cefotaxime (33.6%)
and tetracycline (28.4%). Statistically signiﬁcant diﬀerences
were detected between fermenters and nonfermenters in
the prevalence of resistance to all antibacterial drugs, but
two—nalidixic acid and gentamicin (Table 1). Moreover,
fermenters were signiﬁcantly more likely to exhibit resistance
to ciproﬂoxacin and tetracycline, whereas non-fermenters
to amoxicillin-clavulanate, cephalosporins, and netilmycin
(Table 1).
A total of 29 diﬀerent resistance patterns, 12 among
fermenters and 20 among non-fermenters, respectively, were
identiﬁed. The patterns and their distribution are summa-
rized in Table 2.
Figures 2(a) and 2(b) show the prevalence of resistance
to at least two, at least three and more than three groups
of antibacterial drugs among all isolates and after stratifying
fermenters and non-fermenters. Non-fermenters were sig-
niﬁcantly associated (P<. 01) with a higher percentage of
resistance to three or more than three groups of antibiotics.
TwofermentativeisolatesthatprovedtobeESBLproduc-
ing by the modiﬁed double-disk synergy test were identiﬁed
as Enterobacter cloacae.
3.3. Molecular Typing and Clustering of ARB Isolates. Molec-
ular typing of the resistant Gram negative bacilli by RAPD
with the ERIC2 primer detected 34 diﬀerent proﬁles among
the 51fermenters and 68 among the 83non-fermenters
(Figures 3(a) and 3(b)) .E i g h tR A P Dp a t t e r n sa m o n gf e r -
menters and nine among non-fermenters included between
two and ten isolates. However, 15 of 17 clusters contained
two or three isolates, whereas only two RAPD patterns—F26
and NF28, respectively—were attributed to ten fermenting
and eight non-fermenting Gram negative isolates. Isolates
sharing F26 and NF28 RAPD proﬁles were biochemically
identiﬁed,respectively,asKlebsiellaoxytocaandPseudomonas
aeruginosa.
AllclusterswereconﬁrmedbyusingtheM13primer.The
two ESBL positive E. cloacae showed unique RAPD proﬁles.
Clustered isolates were signiﬁcantly (P = .02) more likely
to be resistant to three antibiotic groups and less likely (P =
.01) to be resistant to more than three antibiotic groups. No
association was found between clustering and resistance to
at least two antibiotic groups (P = .25). Among the 10 K.
oxytoca isolates with RAPD pattern F26, eight were resistant
to Na, Cip, and Te and two to Na and Te only. The eight
P.a e r u g i n o s awith pattern NF28 had more heterogeneous
resistance patterns: three were Amc Cro Ctx Na, two Amc
Cro Ctz Na Te, and one each Amc Caz Cro Ctx Na, and Amc
Ctx Na, Amc Na Te, respectively.
Clustering was not signiﬁcantly associated to any food
product (P = .43).
Except for the two larger ones, the remaining clusters
included isolates recovered from food samples in an interval
of time ranging from 0, when their isolation was made from
diﬀerent food products sampled in the same date, to 10
days. The 10 isolates of K.o x y t o c awith RAPD pattern F26
had been recovered from seven leaf lettuce salads and three
dishes containing mixed ham and soft cheese distributed
in diﬀerent days. The seven P.a e r u g i n o s aisolates RAPD4 Interdisciplinary Perspectives on Infectious Diseases
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Figure 1: Prevalence of resistance, intermediate susceptibility, and susceptibility towards the antibacterial drugs tested among 134 Gram
negative bacterial strains isolated from foods, food contact surfaces, and utensils.
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Figure 2: (a) Percent distribution among the 134 resistant Gram negative bacterial strains of resistance (including intermediate
susceptibility) to at least two, at least three, and more than three antibacterial drugs. (b) Comparison between frequency of resistance to
at least two, at least three, and more than three antibacterial drugs in Gram negative fermenters and nonfermenters.
pattern NF28 were also sampled in diﬀerent days: they were,
respectively, ﬁve from leaf green salads, one from a tomato
salad, and one from a soft cheese based dish. The interval of
time between the ﬁrst and the last isolation was in both case
of 50 days.
4. Discussion
The role of food within the overall framework of human
exposure to drug resistant bacteria has been until now
insuﬃciently investigated from a Public Health perspective.Interdisciplinary Perspectives on Infectious Diseases 5
Table 1: Frequency of resistance, intermediate susceptibility, and susceptibility to the antibacterial drugs tested in fermenters and
nonfermenters.
Amc∗§ Caz∗ Cro∗ Ctx∗ Na Cip∗ Cn Net∗ Te∗
FN FFN FFN FFN FFN FFN FFN FFN FFN F
S (%) 29.4 7.2 96.1 78.3 94.1 20.0 94.1 8.4 0 15.7 74.5 98.8 96.1 91.6 100 88.0 37.3 67.5
I (%) 17.7 4.8 0.0 6.0 2.0 50.6 0.0 41.0 13.7 2.4 13.7 0.0 0.0 0.0 0.0 1.2 3.9 22.9
R (%) 52.9 88.0 3.9 15.7 3.9 25.3 5.9 50.6 86.3 81.9 11.8 1.2 3.9 8.4 0.0 10.8 58.8 9.6
∗P<. 05
§ See Materials and Methods, Antibiotic susceptibility testing. S = susceptible; I = intermediately susceptible; R = resistant. F = fermenters; NF = non-
fermenters.
Table 2: Resistance patterns to antibacterial drugs tested in fermenters and nonfermenters.
Fermenters Non-fermenters
Resistance pattern∗ Number of isolates Resistance pattern∗ Number of isolates
Amc Na 18 Amc Cro Ctx Na 19
Amc Na Te 9 Amc Cro Ctx Na Te 17
Na Cip Te 8 Amc Ctx Na 11
Amc Te 4 Amc Caz Cro Ctx Na 9
Na Te 3 Amc Cro Ctx Cn Net Te 4
Amc Na Cip Te 2 Amc Na 4
Na Cn 2 Caz Cro Ctx 3
Amc 1 Amc Cro Ctx 2
Amc Caz Cro Ctx 1 Amc Cro Ctx Na 2
Amc Caz Cro Ctx Te 1 Amc Ctx Na Te 2
Cro Ctx Na Te 1 Amc Caz Cro Ctx Cn Net 1
Na Cip 1 Amc Caz Cro Ctx Na Net Te 1
Amc Caz Cro Ctx Net 1
Amc Cro Ctx Te 1
Amc Cro Na 1
Amc Na Net 1
Amc Na Te 1
Caz Cn Net 1
Caz Ctx 1
Cro Ctx Na Te 1
∗See Materials and Methods, Antibiotic susceptibility testing.
Manystudieshavefocusedonthecontributeofantimicrobial
resistance to the severity of the hazard posed by foodborne
pathogens and the speciﬁc measures to be adopted along the
foodchaintominimizethecurrenttrendofsomepathogenic
bacteria, such as Salmonella, towards acquiring resistance to
ﬂuoroquinolone and 3rd and 4th generation cephalosporins
[21–23]. However, the issue of commensal bacteria as a
potential hazard both directly as opportunistic organisms
and indirectly as carriers of resistance genes has been only
partially explored to date [11, 24].
To contribute additional information about food-
mediated exposure to Gram negative ARB, we investigated
the occurrence of these organisms in food products pro-
cessed in a catering premise and delivered to hospitalized
patients. Indeed, a considerable portion of these subjects
belongs to a population subgroup of consumers where
colonization by resistant bacteria and selective pressure due
to use of antibacterial drugs may interact within a supportive
environment and generate more severe health risks [12, 13].
A proportion as high as 83.6% of food samples tested
po s i ti v ef o rG ra mn ega ti v er e s i s t a n tt oo n eo rm o r egr o u p so f
antibiotics, with a great heterogeneity of resistance patterns
and RAPD patterns among both fermenters and nonfer-
menters. Moreover, both Gram negative groups showed
frequencies as high as 97.8% of resistance to two or more
groups of antibiotics. Nonfermenters, in particular, were
28.9% resistant to more than three groups. Markedly lower
resistance prevalences have been previously described in
Enterobacteriaceae isolated from minced meat and vegeta-
bles, but with a less sensitive detection method lacking
of the preliminary step on a selective culture medium
[25, 26]. Hence, a comparison would be inherently biased
due to the preselection of our strain set on the basis
of the resistance to at least one antibiotic. Moreover, in6 Interdisciplinary Perspectives on Infectious Diseases
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Figure 3: ERIC-2 RAPD patterns of representative Gram negative fermenters (a) and non-fermenters (b). MW = molecular weight. (a)
100bp; (b) 1Kbp.
a paper by Bezanson et al. [8], describing resistance to
ten antibiotics in oxidase-positive bacteria from raw salad
vegetables, resistance to some antibiotics, such as nalidixic
acid or aminoglycosides, in Gram negatives was less frequent
than our ﬁndings. Again methodological diﬀerences, mainly
in the antibiotic susceptibility testing, and the inclusion
of an enrichment step in our study could contribute to
explain such inconsistency. An important additional role
could be supposedly attributed to our choice to examine
processed foods, since a qualitative/quantitative change of
their commensal ﬂora could have been occurring through
the subsequent stages of food chain in the catering premise.
It is unknown, on the other hand, whether antimicrobial
resistant bacteria may have a selective advantage upon the
susceptibleonesinsurvivingormultiplyinafoodprocessing
plant, except for the reported association of resistances to
antibiotics and biocides [27].
Of particular concern appears the high prevalence of
resistance to nalidixic acid and, to a less extent, cefotaxime.
Literature suggests that resistance to nalidixic acid deter-
mined by the disk diﬀusion method may be a reliable
indicator of decreased susceptibility to ciproﬂoxacin [28].
Resistance to this last antibiotic in our data is signiﬁcantly
more frequent among fermentative Gram negatives, that
include Enterobacteriaceae, a family where ﬂuoroquinolone
resistance is emerging in opportunistic and pathogen mem-
bers in both hospital and community settings [3, 21, 22, 27].
Spreading of β-lactamases producing bacteria and codifying
sequences is a further worrying feature in the complex
epidemiology of drug resistance [5]. Detection of a high
proportion of cephalosporin-resistant isolates along with the
isolation of two ESBL-producing E. cloacae isolates conﬁrms
previous results by other Authors [5].
A further ﬁnding that deserves consideration is the
large heterogeneity of RAPD patterns, that excludes clonal
expansion as a possible reason of the high prevalence of
antibiotic resistances in foods. Moreover, identiﬁcation of
some clusters of fermenter and non-fermenter isolates in
intervals of time ranging between 0 and 50 days proves the
persistence in the food processing environment of resistant
organisms and, consequently, the potential eﬀectiveness of
Good Hygienic Practices in minimizing their diﬀusion.
Our study has some limits. Firstly, sampling has been
carried out in a single food catering premise. Consequently,
theresultscouldhavebeenheavilyinﬂuencedbythehygienic
conditions of the plant, and their generalizability could be
questionable. Furthermore, the issue of location and hori-
zontal transferability of resistance genetic determinants have
not been addressed. Intrinsic resistances to some antibiotics,
for example, presence of AmpC mediated β-lactames or
tetracycline resistance in various Enterobacteriaceae, could
have likely overestimated the multiresistance prevalence.
Finally, no evidence has been searched for of a possible
relationship with colonizing isolates among patients staying
in the hospital during the study.
5. Conclusions
Based on our results, a contribution of commensal ARB
Gram negatives colonizing processed foods consumed with-
out further thermal treatment or processing to a common
resistance pool should not been overlooked. This is a
disturbing ﬁnding when considering the possible impact of
a daily administration of resistant bacteria to a suscepti-
ble population, particularly those with defective immune
systems or comorbidities and those receiving antibiotic
treatment.Understandingtheroutesconnectingtheresistant
bacteria and genetic resistance determinants to humans,
including the role of food vehicles, is critical to deﬁne
eﬀective strategies to control this problem. The consistent
and eﬀective application of good food hygiene practices
is a key issue in the prevention and control of food
contamination with antimicrobial-resistant pathogenic and
commensal bacteria.Interdisciplinary Perspectives on Infectious Diseases 7
References
[1] M. N. Alekshun and S. B. Levy, “Molecular mechanisms of
antibacterial multidrug resistance,” Cell, vol. 128, no. 6, pp.
1037–1050, 2007.
[2] V. Blanc, R. Mesa, M. Saco, et al., “ESBL-and plasmidic class
C β-lactamase-producing E. coli strains isolated from poultry,
pig and rabbit farms,” Veterinary Microbiology, vol. 118, no.
3-4, pp. 299–304, 2006.
[3] A. F` abrega, J. S´ anchez-C´ espedes, S. Soto, and J. Vila,
“Quinoloneresistanceinthefoodchain,”InternationalJournal
of Antimicrobial Agents, vol. 31, no. 4, pp. 307–315, 2008.
[4] J. R. Johnson, P. Delavari, T. T. O’Bryan, K. E. Smith,
and S. Tatini, “Contamination of retail foods, particularly
Turkey, from community markets (Minnesota, 1999-2000)
with antimicrobial-resistant and extraintestinal pathogenic
Escherichia coli,” Foodborne Pathogens and Disease, vol. 2, no.
1, pp. 38–49, 2005.
[ 5 ] E .M a c h a d o ,T .M .C oq u e ,R .C a n t´ o n ,J .C .S o u s a ,a n dL .P e i x e ,
“Antibiotic resistance integrons and extended-spectrum β-
lactamases among Enterobacteriaceae isolates recovered from
chickens and swine in Portugal,” Journal of Antimicrobial
Chemotherapy, vol. 62, no. 2, pp. 296–302, 2008.
[6] A. Andremont, “Commensal ﬂora may play key role in
spreading antibiotic resistance,” ASM News, vol. 69, pp. 601–
607, 2003.
[7] M. S. Ammor, A. Bel´ en Fl´ orez, and B. Mayo, “Antibiotic
resistance in non-enterococcal lactic acid bacteria and biﬁ-
dobacteria,” Food Microbiology, vol. 24, no. 6, pp. 559–570,
2007.
[8] G. S. Bezanson, R. Macinnis, G. Potter, and T. Hughes,
“Presence and potential for horizontal transfer of antibiotic
resistance in oxidase-positive bacteria populating raw salad
vegetables,” International Journal of Food Microbiology, vol.
127, no. 1-2, pp. 37–42, 2008.
[ 9 ]S .B o e h m e ,G .W e r n e r ,I .K l a r e ,R .R e i s s b r o d t ,a n dW .W i t t e ,
“Occurrence of antibiotic-resistant enterobacteria in agricul-
tural foodstuﬀs,” Molecular Nutrition and Food Research, vol.
48, no. 7, pp. 522–531, 2004.
[10] J. L. Smith, D. J. V. Drum, Y. Dai, et al., “Impact of
antimicrobial usage on antimicrobial resistance in commensal
Escherichia coli strains colonizing broiler chickens,” Applied
andEnvironmentalMicrobiology,vol.73,no.5,pp.1404–1414,
2007.
[11] H. H. Wang, M. Manuzon, M. Lehman, et al., “Food
commensal microbes as a potentially important avenue in
transmitting antibiotic resistance genes,” FEMS Microbiology
Letters, vol. 254, pp. 226–231, 2006.
[12] S. E. Cosgrove, “The relationship between antimicrobial
resistance and patient outcomes: mortality, length of hospital
stay, and health care costs,” Clinical Infectious Diseases, vol. 42,
supplement 2, pp. S82–S89, 2006.
[13] H. L. Evans, S. N. Lefrak, J. Lyman, et al., “Cost of Gram-
negative resistance,” Critical Care Medicine,v o l .3 5 ,n o .1 ,p p .
89–95, 2007.
[14] A. Wilson, S. Evans, and G. Frost, “A comparison of the
amount of food served and consumed according to meal
service system,” Journal of Human Nutrition and Dietetics, vol.
13, no. 4, pp. 271–275, 2000.
[15] P. Y. C. Lee, R. E. Holliman, and E. G. Davies, “Surveillance
cultures on neonatal intensive care units,” Journal of Hospital
Infection, vol. 29, no. 3, pp. 233–236, 1995.
[16] B. Becker, C. Weiss, and W. H. Holzapfel, “An evaluation
of the use of three phenotypic test-systems for biochemical
identiﬁcation of Enterobacteriaceae and Pseudomonadaceae,”
Food Control, vol. 20, no. 9, pp. 815–821, 2009.
[17] CLSI, Performance Standards for Antimicrobial Susceptibility
Testing; 17th Informational Supplement. M100-S17, vol. 27 (1),
Clinical and Laboratory Standards Institute, Wayne, Pa, USA,
2007.
[18] J. D. D. Pitout, M. D. Reisbig, E. C. Venter, D. L. Church,
and N. D. Hanson, “Modiﬁcation of the double-disk test for
detection of Enterobacteriaceae producing extended-spectrum
and AmpC beta-lactamases,” Journal of Clinical Microbiology,
vol. 41, no. 8, pp. 3933–3935, 2003.
[ 1 9 ]J .G .K .W i l l i a m s ,A .R .K u b e l i k ,K .J .L i v a k ,J .A .R a f a l s k i ,
andS.V.Tingey,“DNApolymorphismsampliﬁedbyarbitrary
primers are useful as genetic markers,” Nucleic Acids Research,
vol. 18, no. 22, pp. 6531–6535, 1990.
[ 2 0 ]U .A l b u f e r a ,P .B h u g a l o o - V i a l ,M .I .I s s a c k ,a n dY .J a u f e e r a l l y -
Fakim, “Molecular characterization of Salmonella isolates
by REP-PCR and RAPD analysis,” Infection, Genetics and
Evolution, vol. 9, no. 3, pp. 322–327, 2009.
[ 2 1 ]J .D .D .P i t o u t ,Y .W e i ,D .I .C h u r c h ,a n dD .B .G r e g -
son, “Surveillance for plasmid-mediated quinolone resistance
determinants in Enterobacteriaceae within the Calgary Health
Region, Canada: the emergence of aac(6 )-Ib-cr,” Journal of
Antimicrobial Chemotherapy, vol. 61, no. 5, pp. 999–1002,
2008.
[22] E. J. Threlfall, J. A. Skinner, and L. R. Ward, “Detection of
decreased in vitro susceptibility to ciproﬂoxacin in Salmonella
enterica serotypes typhi and paratyphi A,” Journal of Antimi-
crobial Chemotherapy, vol. 48, no. 5, pp. 740–741, 2001.
[23] J. M. Whichard, K. Gay, J. E. Stevenson, et al., “Human
Salmonella and concurrent decreased susceptibility to
quinolones and extended-spectrum cephalosporins,”
Emerging Infectious Diseases, vol. 13, no. 11, pp. 1681–1688,
2007.
[ 2 4 ]M .N .A l e k s h u na n dS .B .L e v y ,“ C o m m e n s a l su p o nu s , ”
Biochemical Pharmacology, vol. 71, no. 7, pp. 893–900, 2006.
[25] M. ¨ Osterblad, E. Kilpi, A. Hakanen, L. Palmu, and P. Huovi-
nen, “Antimicrobial resistance levels of enterobacteria isolated
from minced meat,” Journal of Antimicrobial Chemotherapy,
vol. 44, no. 2, pp. 298–299, 1999.
[26] M. ¨ Osterblad, O. Pensala, M. Peterz´ ens, H. Heleniusc, and P.
Huovinen, “Antimicrobial susceptibility of Enterobacteriaceae
isolated from vegetables,” Journal of Antimicrobial Chemother-
apy, vol. 43, no. 4, pp. 503–509, 1999.
[27] C. A. Thorrold, M. E. Letsoalo, A. G. Dus´ e, and E. Marais,
“Eﬄux pump activity in ﬂuoroquinolone and tetracycline
resistant Salmonella and E. coli implicated in reduced
susceptibility to household antimicrobial cleaning agents,”
International Journal of Food Microbiology, vol. 113, no. 3, pp.
315–320, 2007.
[28] F. Albayrak, F. Cokca, B. Erdem, and A. D. Aysev, “Predictive
valueofnalidixicacidresistancefordetectingSalmonellaewith
decreased ciproﬂoxacin susceptibility,” InternationalJournalof
Antimicrobial Agents, vol. 23, no. 4, pp. 332–336, 2004.